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JUHAMIYHA TPAEKTOPIA EKOHOMIYHOI'O PU3UKY
HA IIIAT'PYHTI MOJEJII BOJIBTEPPU-JIOTKHA

DYNAMIC TREATY OF ECONOMIC RISK
ON LOTKA — VOLTERRA MODEL BACKGROUND

Anomauisi. OuyiHo8aHHS pu3uKy eKOHOMIYHOI nodil 3aexdu npusepmaro ygsaay
WUPOKO20 3azally ekoHomicmig. Pe3ynbmamu (nidxodu, nputomu) wodo 8u-
piwieHHs 3a3HaqyeHoi npobnemu ba3ysanucs Ha 3acmocysaHHi meopii eKOHOMI-
YHOI' pigHOBaz2u, meopii timosipHocmel ma mMamemMamuy4Hoi cmamucmuku. Ls
npobnema 3anuwaemscsi akmyarnbHor U doci, 60 3anumu npuknadHoi eKOHO-
MiKU Ha nepwud nnaH eucysarmb 3HaHHSI OuHaMiku 3MmiHeaHocmi roodid,
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YMiHHS1 nepedbayamu xapakmep iXHb020 po38UMKY 8 rpoueci nepexody eid
00HO20 €KOHOMIYHO20 cmaHy 00 iHwozo. o6 mamu diesuli iHCMpymeHm,
adekeamHull euMo2am HesliHiliIHOI 2rnobanbHOi eKOHOMIKU, Crid Haguumucsi eu-
Kopucmosygamu OuHaMiYHi MOdesli eKOHOMIYHUX MPoyecie ma sgull.

PaHiwe b6yna po3sansHyma mpaekmopis €KOHOMIYHO20 pu3uky Onsi eunadky
J102iCMUYHOI OOHOBUMIPHOI QuHamiYHoi Mmodesi. 3a3HavyeHul pe3ynbmam, KUl
MPUHYUNOBo 8idpi3HsembCs1 8i0 3a2allbHOBXUB8aHO20 Mi0Xody 8 meopii eKoOHo-
MIYHO20 PpU3UKYy, nompebye nowupeHHs Ha eurnadok 0808UMIPHUX (MIOWUH-
HUX) OUHaMiYHUX Modersiell EKOHOMIKU.

Kpim moeo, Ha nidcmasi aHanimu4HoI 3anexHocmi 36’s13Ky pu3uky ma iHepuid-
HICMIO eKOHOMIYHOI cucmemu, NPUKMemHUMU pucamu il ycriuHo2o gyHKUiOHY-
8aHHS, byna ecmaHoeneHa MOX/ueicmb xapakmepusyeamu cmabinbHicms
yb020 npoyecy abo MOXUgicmMb HaCMaHHs Kpu3u.

Bukopucmosytouu suwye 3azHavyeHi MemoOUKU 3 ypaxy8aHHsIM CUCMEeMHO20
Xapakmepy HesliHilHUX 83aEMO8IIUGI8 YUHHUKI6 €KOHOMIYHOI cucmemu, OuHa-
MIiYHOIO MOOESIII0 SKUX € KriacuyHa MoOesib HesiHilIHOT QuHamiku (Moderb «xke-
pmea-xuxak») — cucmema pieHsiHb Boribmeppu-Slomku, 8 pobomi ompumaHo
aHanimuyHy ¢bopmyry O0nsi 064UCTIEHHS KillbKICHOI Mipu pU3uKy HacmaHHs no-
Oii, sika eidnosidae nogediHui «wxepmeu» y dosinbHUl MOMeHm 4acy. bo us du-
HamiyHa mModeslb aHMazgoHICmMUYHO20 Xapakmepy 3Haliwna 6azamo pisHoMma-
HIMHUX 3acmocyeaHb | cmana KraacuyHoto Onsi meopii ma npakmuku
MamemMamu4yHo20 MOOesI8aHHsI €KOHOMIYHUX MPOYECi8, a CmMpyKMypPHO 80Ha
Hazadye Knacu4Hy OOHOBUMIPHY si02icmuyHy mModesb, byOyyu ii y3azarnbHeH-
HsIM — 08a 108’sa3aHuUxX Mix cObOt0 PiBHSIHHST Slo2icmuUYHO20 8Udy.

Knrouosi cnoea: HeniHiliHa eKoHOMIKa, MOOesb «Kepmea-xuxak», OuHamika
E€KOHOMIYHO20 PU3UKY.

Abstract. The evaluation of risk of economic event has always attracted the at-
tention of a wide range of economists. The results (approaches, techniques) for
solving this problem were based on the application of the theory of economic
equilibrium, probability theory and mathematical statistics.

This problem is still relevant. Because the demands of the applied economy
bring knowledge of the dynamics of the variability of events on the foreground
and the ability to predict the nature of their development in the process of tran-
sition from one economic state to another. It is necessary to learn how to use
dynamic models of economic processes and phenomena in order to have an
effective tool that is adequate to the requirements of a nonlinear global economy.
The economic risk trajectory for a logistic one-dimensional dynamic model was
considered earlier. The result, which fundamentally differs from the generally
applicable approach in the theory of economic risk, needs to be extended in the
case of two-dimensional (planar) dynamic economic models.

In addition, the ability to characterize the stability of this process or the possibil-
ity of a crisis has been established. It is based on the analytical dependence of
the risk communication and the inertia of the economic system, the hallmarks of
its successful functioning.

We obtained an analytical formula for assessing the quantitative risk level of an
event that corresponds to the behavior of the predator at an arbitrary time after
using the above methods, taking into account the systemic nature of the non-
linear interactions of factors of the economic system, the dynamic model of
which is the classic model of nonlinear dynamics (“predator- prey” model ") —
the Lotka-Volterra system of equations. Because this dynamic model of antag-
onistic nature has found many different applications and became classical for
the theory and practice of mathematical modeling of economic processes,
structurally it resembles the classical one-dimensional logistic model, being its
aeneralization — two related equations of logistic kind.

Key words: nonlinear economy, predator-prey model, economic risk dynamics.
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Ilocmanoexka 3aoaui. OLIHIOBaHHS PU3MKY E€KOHOMIUHOI MOmii
3aBXKIIM CTOSUIO B IIEHTPI yBaru MIMPOKOTO 3araiy exoHoMicTiB [1,2].
Pesynbrarn (miaxonu, mpuiioMu) MO0 BUPIIICHHS 3a3HAYCHOI IPO-
onemu 6a3yBaJmca Ha 3aCTOCYBaHHI Teopu CKOHOMIYHOI PIBHOBArH,
Teopii WMOBIpHOCTEH Ta MaremMatn4Hoi craTucTuku. Ciif BigaaTu
HaJIe)KHE MPEBEHTHBHOMY 1 BCECTOPOHHBOMY BepOalbHOMY aHali3y
MUTAHHS OIIHIOBAaHHS €KOHOMIYHOTO PH3UKY. AJe 119 mpolieMa 3a-
JMIIAETHCS aKTYAIBHOO U J0Ci, 00 3alUTH MPUKIAIHOT eKOHOMIKH Ha
MEepIUi TUIaH BUCYBAIOTh 3HAHHS JMHAMIKK 3MIHIOBAaHOCTI TIOMIH,
YMIHHS TIepedavaT XapakTep iXHbOTO PO3BHTKY B MPOIIECI MEPEX0-
Jly BiJl OTHOTO €KOHOMIYHOTO CTaHy JI0 1HILIOTO.

Ananiz ocmamntix oocnioxcens i nyonikayiu. Y 3a3HauY€HUX BUILE
npamsx [1,2] HaBoauThCs 3MicTOBHA 0i10iorpadis moa0 eKOHOMIYHO-
ro pusuky. Haseaeni Tam pobOTH IPYHTYIOTBCS Ha KOHLENTYaIbHUX
3acajiax Teopii pIBHOBaXXHOIO CKOHOMIYHOTO CTaHY. IpaxTuka croro-
JICHHSI BKa3ye: 100 MaTu Ji€BHU IHCTPYMEHT, aJICKBaTHHI BHMOTaM
HEJIHIMHOT T7100a7IbHOI €KOHOMIKH, CIIiJi HABYUTHUCS BHUKOPUCTOBYBA-
TH JTMHAMIYHI MOJIEeITi €KOHOMIYHHUX MTPOIECIB Ta SBUIIL.

TpaekTOpisi EKOHOMIYHOrO PU3HKY JUIS BUITAJKY JOTiCTHYHOI Of1-
HOBMMIPHOI JIMHAMIYHOI MoOAen Oyia po3risiHyTa y MOBIIOMIICHHI
[5]. 3asHauenuii pe3y.IbTaT, IKUI NPUHIKMIIOBO BiAPI3HAETHCS Bi 3a-
TaJIbHOBXHMBAHOTO MiJIXOAY B TE€OPil EKOHOMIYHOTO PH3HKY, OTpedye
MOIIMPEHHS Ha BUIAJOK JBOBUMIPHUX (IUIOIIMHHUX) TUHAMIYHUX
MoJieNeil eKOHOMIKH.

Ilocmanoexa 3aedanna. Ha mincrasi METOJIMKH pe3ynbTaTiB [4], 3
YPaxyBaHHAM CHCTCMHOIO Xapakrepy HEIIHIHHUX B3a€MOBIUIMBIB
YMHHUKIB CKOHOMIYHOI CHCTEMH, IMHAMIYHOK MOJEIUIIO SKUX € CHC-
TeMa PpiBHSHb Bobreppu- HOTKH OTPUMATH aAHAIITHYHO (opMyILy
OLIIHIOBAHHS KUIBKICHOT MipH PH3HKY Y JOBUTHHUI MOMEHT Yacy.

Buxnaoenns ocnoenozo mamepiany docniodcenns. JJaHaMmiuHa cu-
ctema piBHSIHb Bombreppu-Jlotku [3], sika B siteparypi Bigoma sK
MOJIEITb (OKEPTBA-XIKAK», MA€ BUJIL:

X = ax — bxy,
y=—cx+dxy, (1)

Jie 3MIHHI X =X(?) Ta y=)(?) € BIATNOBITHO <GKEPTBOIOY» Ta «XIKAKOM) 3
NICBHUMU TIOYaTKOBUMH YMOBAMH X0 = X(ty) Ta yo = y(to);
dx . dy
iX moximHi 2t Ta Y T g 10 He3alekKHiM 3MIHHIN f € NIBUIKO-
CTSIMU 3MIHIOBAHOCT1 0OCSTIB MO JISIIIIH;
KoeilieHTH a, b, ¢, d € IEBHUMU CKATSIPHUMHU BEJIMYMHAMH.

)'Cz
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CTpyKTYpHO 1151 MOJICJTb HAraly€ KJIaCU4HYy OJHOBHUMIPHY JIOTiCTH-
YHY MOJIeJNb, OyAy4H ii y3araqbHEHHSIM — J[Ba PIBHSHHS JIOTiCTUYHO-
ro BUJy NOB’s13aH1 MK c00010.

Junamiuna monens (1) aHTaroHICTMYHOTO XapakTepy 3HauILIa
OaraTo pi3HOMaHITHHX 3aCTOCYBaHb 1 CTajla KIIACHYIHOIO IS TEOPii Ta
MPAKTUKUA MAaTEMaTUYHOTO MOJIEIOBaHHS [3] €eKOHOMIUYHUX IPOIIECIB.
Hanpukian, B eKOHOMIII CIIOCTEPITa€ThCS aHTArOHI3M MiXK BHPOOHH-
YOI0 JIISUTBHICTIO Ta il OMOAATKyBaHHSM, aJlKE PO3MIPOM IOAATKY
MO’KHA CTHMYJTFOBATH BHPOOHHUIITBO a00 HOTO MPUTHIYYBATH.

a a T C

3amiHOIO 3MiHHHX: ¥ T WY TVt =7 ¥ =7 mepexommmo 10
0e3p0o3MipHOI JUHAMIYHOT MoAel [6] 3 OJHUM CKaJIIpOM .
u=u-—uv,
. v=-—-yv+uy, 2)

ne u= u(t), v =w(1), 1, v — MepIIi MOXiHi MO 3MIHHIHN 7.
JlineHHsAM MepuIoro piBHSIHHS Ha Jpyre MaTUMeMo audepeHiiiine
PIBHSIHHS TIEPIIIOTO MOPSIKY 3 BIJOKPEMITFOBAHUMH 3MIHHIMH:
du u(l—v)

dv v(-y+uw) 3)
du B (1-v)dv
u(-y+u) v '

OCKiIbKHM BUKOHYETBCSI YMOBA PO3KJIaIaHHs Ipo0y:
du 1 du 1 du

u(-y+w) Yy u oy u-y

]

TO 3arajbHHUK 1HTErpaj Au(EepeHIIaTbHOTO PIBHSIHHS 3alUAIICThCS
TaKUM YUHOM:

u (u- y)l/y:e—v v-C, @)

ne BenmmunHa C — craya iHTErpyBaHHS, BU3HAUCHA 32 JIOTIOMOTOIO
MOYaTKOBUX YMOB X0 =X(%9) Ta yo=)(t9) nuHamiuHoi mozeni (1) Ta Bix-
MMOBITHUX 3aMiH 3MIHHHX.

[Ticns migHECeHHS O CTETeHs Y Ta aireOpaidHuX IepeTBOPCHb
OTPUMAEMO BHPA3:

1=Y_croyrew
u

b
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SIKWI JT03BOJISIE 3aMMCATH aHATITHYHY (PYHKIIIFO, SIKa XapaKTepu3ye
MOBEIIHKY <OKEPTBI» B 3aJICKHOCTI BiJl IOBEIIIHKH «XMKAKa):

14
1-CY-vY-e Vv (5)

u =

Sk Bke 3a3Ha4aIoCh y [4], 3B 430K MK pU3HKOM Ta IHEPIIHHICTIO
€KOHOMIYHOI CHCTEMH, PUKMETHUMH pUCAMU 11 YCIIITHOTO (DYHKITI-
OHYBaHHS, OL[IHIOETHCS 32 POPMYJIIOFO:

. _ Prax — P
RS = B + Pan) V2 ©)

ne P — meBHUH MOKa3HUK €EKTUBHOCTI (DYHKI[IOHYBaHHS CKOHOMI-
YHOI CHCTEMH BIPOJOBXK MPOMDKKY 4acy [fo,T|, Pmax, Pmin — BIMO-
BiJTHO € MaKCHMAaJIbHUM 1 MiHIMaJbHUM 3HAYEHHSIM IbOTO IMOKa3HHUKA

3a JIOCHIPKyBaHUN TIEPioJI.
VYHacniok anreOpaiuHux nepeTBopeHsb popmyna (6) Habepe BULY:

. 4
Risk(P) =2 — 5——
max + 1

b

Pmin

(7

SKII0 pO3MISIIaTH MPOLEC PO3BUTKY JOBIIBHOTO €KOHOMIYHOTO
00’€eKTy, TO Ha mijAcTaBi Li€l GOPMYIIN MOXKHA XapaKTEepU3yBaTH CTa-
OUIBHICTB I[OTO MpolieCy 00 MOXKJIMBICTh HACTAHHS KPU3U:

® KOMU Pmax = Pmin, TO Risk(P) =0, 10 € IIIKOM HOPUPOAHBO —
HISIKOTO PHU3UKY ISl YCTaJ€HOTO PO3BUTKY E€KOHOMIYHOI CHCTEMH
HEMae;

Pmax _
o s b~ > Maemo Risk(P) = 1;

Pmax

® SKIIO BETMYUHA Ppax 3pOCTAE, TO BITHOLICHHS P, 1 3HAMEHHUK

Ipo0y 30UTBIITY€ETHCS, a IPi0 3MEHITY€eThCs, TOOTO Risk(P) — 2.
Tobmo maemo uucnosuti Kpumepiti HACMAHHA KpU3U 6 Npoyeci
VCMANeH020 PO3BUMKY eKOHOMIUHOI cucmemu. JIIACHO, KO THTEPII-

max

peTyBaTH BiTHOWIEHHS P, SIK CTYIiHb MOy HACEJICHHS Ha OaraThx
1 OiqHUX, TOOTO MOJIsIpU3allii CycHiabCTBa, TO opmyna (7) sxazye Ha
3apO0AHCEHHs | PO3BUMOK CIAHY COYIANbHOI KPU3U.
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BuxopuctoByemo popmyny KiUTBKICHOT Mipu pu3uKy (6), sSika 1is
JOCTIPKEHHST MOJIEI TTOBEIIHKH «KEPTBW» Ha0yBa€ BUIY:

Umax — Umin

Risk = ——————.
Umax + Umin

®)
‘)/ . eyv
BoueBub, 10 Umin =Y, TOAL SIK Ymax = Sy oy .
[Ticns migcTaHoBKM UX BHpasiB A0 (8) Ta anreOpaidHUX NMEPETBO-
pEeHBb OTPUMAEMO BUPA3 I OOYHCICHHS KUTbKICHOT MipH PU3UKY Ha-
CTaHHSI MMO/i, KA Bi/IMTOBI A€ TTOBEMIHIII <OCKEPTBI:

2yCY - v¥

Risk = —Zer” v
_ 2
Risk = 5o7v
o7 1 . )

3BIJKM BUIUIMBAE, 10 KIIbKICHA Mipa PU3HMKY JWHAMIYHOI TpaeK-
TOPii u(7) B 3aJIEKHOCTI Bijl MOBEAIHKHA «XMXKaka» V(T), Ma€ BIAMOBIJI-
HY OILIIHKY 3HU3Y:

Risk > (<2
isk = (—

ev’ (10)
ne BexmauHa C € CTaNok, a 3HaYeHHs PYHKIIT V(T) pO3paxOBYETHCS Y
HpOILIECi KOMIT FOTEPHOTO MOJICITFOBAHHSI.

[TponorapudmyBasiy 00HIBI YaCTUHU HEPIBHOCTI, MATUMEMO:

Ln Risk = y(InC + lnv — v). (11)

[TepeBara HepiBHOCTI (11) y crcTeMi KiJIbKICHUX OIIIHOK MipH pH-
3MKY TPOSIBJIIETHCS B TOMY, IO KOMIIOHEHTH Y, /nC € BU3HAYCHUMU
paHilie BeIMYUHAMH, a 3HaYeHHS (QYHKIIN v Ta [nv 00YUCITIOIOTHCS B
NPOIIECi KOMIT FOTEPHOTO MOJICTFOBAHHSI.

Orxe, MATUMEMO JIMHAMIYHY TPAEKTOPII0 PU3HKY CBOIIOLIT MOAIH,
OMUCYBaHUX (YHKIUIEI0 u= u(T) y MOACII «KEPTBA-XIKAK).

Bucnoeox. Ha miarpyHTi K1acu4Hoi MOJIeINi HENMHIMHOT TUHAMIKH
— cucteMu piBHSIHb Bonbreppu-JIoTku oTpuMaHO aHANITHUHY (QOp-
MyJly OLIHIOBAHHS KUIBKICHOI MipH PU3UKY MOBEIIHKU <CKEPTBU» Yy
JIOBUTEHUH MOMEHT 4acy.
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